Abstract. In this work, porous silicon (PSi) was prepared by electrochemical etching and used as a template for ZnO nanostructures. ZnO nanostructures were grown using the catalytic immersion method at different molar ratio concentrations of the precursor and stabilizer. The ZnO nanostructures were analyzed using FESEM and photoluminescence (PL) spectrometry, before tested with ethanol solution. The population of the ZnO nanostructures on PSi increased with the concentration and followed the surface morphology of PSi. The photoluminescence spectra of ZnO show two dominant peaks in the UV and visible regions. When the concentration of the precursor increased, the PL peaks in the visible region (630 nm) shifted towards the blue region of the spectrum. The PSi/ZnO nanostructure chemical sensor has a large surface area, reversing sensor and fast response in ethanol. The performance of the sensor was affected by the morphology and defect structures of the ZnO nanostructures layer.
Introduction
In the semiconductor industry, many types of materials, such as silicon, gallium arsenic, titanium dioxide and zinc oxide (ZnO), are used as base materials. Among them, ZnO is a unique material that has a wide bandgap of 3.37eV and a large exciton energy of 60 meV. [1] ZnO nanostructures can be used in many application areas, such as optoelectronics, [2] sensors, [3] transducers and biomedical science. ZnO is a piezoelectric material that can be used in sensor and transducer applications. ZnO nanostructures grown on Si-based substrates receive significant attention silicon is stable and resistant to high temperatures. Porous silicon nanostructures (PSiNs) has a rough surface morphology, which is a good template for growing ZnO nanostructures without using metal catalysts [4] because a rough surface provides good sites for ZnO to grow with minimum stress applied between the ZnO and PSi layer [5, 6] . ZnO nanostructures have been synthesised by various methods, such as chemical vapour deposition, an electrochemical method, RF magnetron sputtering and the sol-gel method [7] [8] [9] [10] . In this work the sol-gel thermal solution-immersion method was selected because of its simplicity, safety, low cost, low-temperature deposition and large coating area. The urea was used as a stabilizer and zinc nitrate hexahydrate as a precursor to synthesize the ZnO nanostructures on PSi at different concentrations without using any catalyst material. ZnO deposited on PSiNs formed a flower-like structure and honeycomb-like network structures. The asgrown ZnO nanostructures were characterized using FESEM and PL spectroscopy and then tested with ethanol solution by using EIS measurement.
Methodology
In this work, ZnO nanostructures were grown on PSi by the thermal immersion method using Zn(NO 3 ) 2 6H 2 O as a precursors and CH 4 N 2 O as a stabiliser [11] . PSi was prepared through electrochemical etching method [12] . For the solution preparation, the molar ratios of Zn(NO 3 ) 2 6H 2 O to CH 4 N 2 O in a total volume of 100 ml were 2:1, 1:1, 1:2, 1:4 and 1:6. The aqueous solution was stirred and heated at 60 o C for 1 hour and followed by a 24-hour ageing process to produce a homogenous solution. After the ageing process, the PSiNs were inserted into test tubes filled with 50 ml of the solutions with different molar ratio concentrations. The test tubes were immersed in a water bath at a temperature of 90 o C. After 4 hours, the samples were dried for 1 hour at a temperature 150 o C and were annealed at 500 o C for 1 hour. The ZnO nanostructures were characterized by field emission scanning electron microscopy (JSM-7600F) and photoluminescence (HORIBA JOBIN YVON, PL). The chemical testing was coming out using electrochemical impedance spectroscopy (EIS) with a frequency between 0.1 and 32 MHz.
Results and Discussion
The morphology of ZnO nanostructures grown on the PSi surface was shown in Figure 1 . The PSi surface is a sponge-like structure, which consists of a large number of pores on the surface help the ZnO nanostructures to incorporate into the pores. Different precursor concentrations in the solution contribute to the different sizes and morphologies of the ZnO nanostructures. When ZnO is deposited on PSi, it is deposited along the outer wall of the pores of the PSiNs, either partially or completely covering the porous surface. The morphology of the ZnO deposited on the PSi at different precursor concentrations shows the ZnO honeycomb-like network, nanoflowers and porous-like structures indicated in Figs. 1(b), 1(c-d) and 1(e). A crack-like structures was formed in Fig. 1 (a) with no flower structures exited on the surface. As shown in Fig. 1(b-e) , as-grown ZnO nanoflowers have a diameter approximately 1 µm at the observed area on the PSiNs. When the concentration of the precursor increases, the ZnO has grown on the PSi becomes denser. A honeycomb-like ZnO network structure is found in samples prepared in 1:1 because the ZnO had grown on the wall of the PSi and followed the orientation of the wall to form a large diameter pore. As we see in Fig. 1(d-e) , the surface morphology of the PSi surface has pores that are filled with small particles with a uniform grain size. Figure 2 shows the PL spectrum of the ZnO nanostructures at varying stabilizer concentrations. Two emitting bands, including a UV emission at 385 -415 nm and an orange band at 585 -620 nm was observed. Peaks centered at the UV band-edge are attributed to near band gap emission (NBE) and the emissions in the visible range are due to the recombination of photogenerated holes with singly ionized charge states in intrinsic defects, such as oxygen vacancies and interstitial zinc [13, 14] . The ZnO has grown in the lowest concentration of stabilizer (CH 4 N 2 O) solution (0.1 M), has a weak violet emission. When the concentration of the stabilizer was increased, the intensity of the UV emission also increased. The crystallinity of the ZnO synthesised at a 1:6 is higher compare to the other samples because the intensity of the UV emission can be used to indicate the crystallinity of the ZnO nanostructures [13] . Fig 2. Photoluminescence spectra of the ZnO nanostructures produced at room temperature.
The emission near the yellow region is most likely cause by two factors. First, this emission can be caused by an excess of oxygen and the presence of hydroxyl (OH) groups, which were found in ZnO synthesised using the thermal immersion method [15, 16] . The formation of interstitial oxygen ions can be caused by aqueous chemical growth because this growth method is oxygen rich for ZnO [17] .
PSi/ZnO nanostructures Chemical Sensor
The resistance of the PSi/ZnO nanostructures decreases with exposure time. The response can be calculated using the formula below:
where R o is a resistance before exposure and R s is the resistance after exposure. Changing the parameters of the sample preparation will affect the morphological properties and the sensor characteristics [18] . The fast response of the PSi/ZnO sensor to ethanol solution might be due to the regular morphology and suitable thickness for sensing. The responses of the sensors are shown in figure 3 . PSi/ZnO nanostructures prepared at ratio 2:1 and 1:4 show the best response with fast and consistent response to ethanol solution. The change in resistance value in 2 minutes was 87% and 89% respectively. The response, increased by time with the maximum value approach at 98% for 1:4. The response for 2:1 take a longer time compare with 1:4 to approach maximum response. The lowest sensor response recorded at sample ratio 1:1 with maximum response at 4 minutes first and goes down after 10 minutes. 
Conclusion
We have presented ZnO nanostructure chemical sensors synthesized by using a thermal immersion method to detect ethanol solution. The surface morphology made the sensor is efficient at absorbing and desorbing ethanol molecules. Furthermore, based on our results and analysis, a higher sensitivity, faster response/recovery could be obtained using PSi/ZnO nanostructures prepared at ratio 1:4 of Zn(NO 3 ) 2 6H 2 O:CH 4 N 2 O solution. The detection and identification of ethanol could be improved by using the appropriate structures and operation parameters for the PSi/ZnO nanostructure chemical sensors.
